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ABSTRACT
The  renal  corpuscles  of  adult,  C3H  Swiss,  male  mice contain  testosterone-sensitive,  co-
lumnar cells in the parietal layer of Bowman's capsule. A study of the normal fine structure of
these cells reveals several distinctive characteristics:  a microvillous brush border; apical tubu-
lar invaginations  and apical tubules;  an elaborate  infolding  of the basal surface  membrane
forming  cellular  compartments,  which  contain  numerous  mitochondria;  and  a  complex
group  of membrane-limited  cytoplasmic  inclusions.  This appearance  is  remarkably  similar
to the fine structure of cells in the proximal convoluted  tubule.  1 hr after an in vivo injection
of horseradish  peroxidase,  numerous protein-absorption  droplets occur in the columnar cell
cytoplasm.  The  speed  and  cytomorphology  of  protein  transport  by  these  capsular  cells
closely  resemble the  handling  of peroxidase  by  the  proximal  convoluted  tubule.  Origins
for these testosterone-sensitive  cells are discussed briefly. Morphological evidence is presented
for the  differentiation  of  squamous  cells  in  Bowman's  parietal  capsule  into  columnar
cells,  which  appear  structurally  and
tubular epithelium.
INTRODUCTION
Benda  (1) describes  the  occurrence,  in  the  renal
corpuscles of mice,  of columnar cells in the parietal
layer of Bowman's capsule. These cells extend from
the  urinary pole,  where  they  are continuous  with
the proximal tubular epithelium,  along  the  capsu-
lar circumference  a variable  distance  to the vascu-
lar  pole.  Von  Mbllendorff  (14)  states  that  such a
parietal capsule  may also be found in  the rat, cat,
dog,  cow, and human.  The columnar  cells  possess
an apical brush border, absorb in vivo trypan blue,
and  in the  light microscope  appear  identical  with
proximal  convoluted  tubular  cells  (14).
Employing  the technique  of differential  count-
ing of renal corpuscles,  Crabtree  (2,  3) has studied
functionally  identical  with  proximal  convoluted
the  prevalence  of these  columnar  cells  in kidneys
of normal and experimental  male and female mice.
Among  her  conclusions  (2,  3)  are  the  following:
(a)  the  cells occur normally  in mice  of both sexes;
(b) the  percentage  of renal  corpuscles  containing
such  cells  increases  rapidly  during  puberty;  (c)
males, from  the  onset of puberty  throughout adult
life,  possess a larger percentage  of "high capsules"
than  females;  (d)  castration  of  the  male  before
puberty  results in the  percentage  of high  capsules
remaining  at prepubertal  levels;  and  (e) testoste-
rone replacement in  neuter males restores the per-
centage of high capsules  to  values  close  to normal
for unoperated  controls of the same  age.
435FIGURE  1  Portion  of  a  renal  corpuscle.  Bowman's
parietal  capsule  contains  numerous  columnar  cells
(C).  Adjacent  parietal  squamous  cells  (S)  are  visible
at  the  top  of  the  figure.  The  columnar  cells  possess
the following:  (a)  a  height  of  16-18  ;  (b)  an apical
brush border,  bb;  (c)  apical  vacuoles,  *;  (d) basal stria-
tions, s; and (e)  dense bodies (arrow).  Glomerulus,  Glom.
X  1200.
As a preliminary to  an investigation of the renal
cellular  response  to testosterone,  the  fine  structure
and  protein  transport  of  the  columnar  cells  in
Bowman's parietal capsule  of the mouse have been
studied.  During  the  author's  study,  an  investiga-
tion of glomerular permeability  in  white  mice  ap-
peared (7).  This report contains an electron micro-
graph of a glomerulus  (7),  (Fig.  6),  which demon-
strates  protein  uptake  in  an  apical  portion  of one
of these  columnar cells.  The  present study  reports
on  a more  detailed  examination  of this hormone-
responsive  cell.
MATERIALS  AND  METHODS
Sexually  mature  C3H  and  Swiss  male  mice  were
anesthetized  with Nembutal  and  their  kidneys  were
excised.
Kidneys  destined  for routine  electron  microscopy
were  diced  finely  and  fixed  for  2  hr  in  ice-cold
0.225  M glutaraldehyde,  buffered  to  pH  7.2  with
0.15  M sodium  cacodylate  (11)  containing  0.05%
CaC12.  After  an overnight wash in buffer,  the speci-
mens were postfixed in ice-cold  1 %  osmium tetroxide,
dehydrated  in  a  graded  series  of  alcohols,  and  em-
bedded in Epon  (8)  or Epon-Araldite  (10).
Transport  of  protein  by  the  Swiss  mouse  kidney
was studied  1 hr after an in  vivo intravenous  injection
of 5 mg of horseradish  peroxidase  dissolved in 0.5  ml
of  isotonic  saline.  (See  Graham  and  Karnovsky,
references  6 and 7, for details.)  Kidneys from injected
mice  were cut  into 3-mm cubes  and  fixed for  5  hr at
room  temperature  in  4%  formaldehyde-5%0  glutar-
aldehyde  (6,  7).  The  tissue was  washed overnight or
longer  in  0.1  M cacodylate  buffer  (pH  =  7.2),  and
frozen sections were cut at 40  /g in a cryostat.  Incuba-
tion was carried  out for  15 min at room temperature
in a medium consisting of 5 mg of 3,3'-diaminobenzi-
dine,  10 ml of tris-HCI buffer (pH  = 7.5),  and 0.1  ml
of 1%  H 202 (6,  7).  Following  incubation the sections
were washed in three  changes  of buffer  and postfixed
for  1 hr in  1%  osmium  tetroxide.  Subsequent  han-
dling  was  identical  with  that  for  routine  electron
microscopy.
Thick  sections  stained  with  Paragon  multiple
stain  (9)  were  examined  by  phase-contrast  micros-
copy, and renal corpuscles having a columnar parietal
capsule were  identified  (Fig.  1).  Thin sections  of such
capsules  were  double  stained  in  alcoholic  uranyl
acetate  (5)  followed  by  lead  citrate  (12)  and  were
photographed  in  an  Hitachi  HU-11A  electron
microscope.
RESULTS
Morphology
Approximately  three-fourths  of  the  renal  cor-
puscles  present  in  thick  sections  of  kidneys  of
sexually mature, C3H and Swiss, male mice possess
columnar  cells in  the parietal  layer  of Bowman's
capsule. These cells extend  as an epithelial crescent
from the urinary  pole along  the capsular circum-
ference  one-half  to  two-thirds  the distance  to the
vascular  pole.  The eight  microscopic  appearance
of the columnar  epithelium  is in sharp contrast to
that  of  the  adjacent  squamous  cells  which  are
usually associated with Bowman's parietal  capsule
(Fig.  1)  Discernible  characteristics  of the colum-
nar cells  include  the following:  (a)  a  cell height of
16-18  u;  (b)  an  apical  brush  border;  (c)  apical
vacuoles;  (d) vertically  oriented  basal  striations;
(e)  numerous  cytoplasmic  dense  bodies  (Fig  1).
These columnar capsular cells  possess a complex
and  highly  differentiated  fine-structural  appear-
ance.  The  apical  cell  surface  is  thrown  into  nu-
merous,  long,  regularly  arranged  microvilli  (Fig.
436  THE  JOURNAL  OF  CELL  BIOLOGY  VOLUME  35,  1967FIGURE  2  Columnar  parietal  capsular  cells.  The  cell  apex possesses  microvilli  (me),  apical tubular  in-
vaginations  (ai), and apical  tubules,  which  may appear  uniformly  dense  (dt)  or have  clear  lumens  with
flocculent  material  along  the inner  wall  (ct).  Adjacent  cells  attach  with junctional  complexes  (J)  and
cellular  interdigitations  (*).  The  cell  base  has  numerous  surface-membrane  invaginations  (arrows),
which  form  cellular  compartments  containing  mitochondria  (M).  Free  ribosomes  (R),  rough-surfaced
endoplasmic  reticulum  (RER),  and  mitochondria  (M)  are  prevalent  in  the  dense  cytoplasmic  ground
substance.  Membrane-limited  dense  bodies  (D),  with  heterogeneous  contents  such  as  membranes,  a
granular  matrix,  and  pale  or dense  ovoid  masses,  occur  in  the apical  two-thirds  of  the cell.  Basement
membrane,  B.  X  19,000.FIGURE  3  Columnar  (C)-squamous  (S)  cell  abutment  in  the  parietal  capsule.  A  basement membrane
(B) underlies both cell types.  Compare  the striking difference  in density  between the "dark" cytoplasmic
ground  substance  of  the columnar  cell  (C)  and  the  "pale"  ground  substance  of  the squamous  cell  (S).
The  columnar cell  mid  zone  contains the nucleus  (N) and  a well-developed  paranuclear Golgi zone  (Gol).
The  figure  illustrates  an area of  apposition  (*) between  a columnar  (C)  and  a squamous  (S)  cell, which
is  approximately  vertical  to  the  basement  membrane  (B).  When  this  type  of  apposition  occurs,  the
columnar  cell  basal  surface  has  the usual  deep  invaginations  of  its limiting membrane  (arrows).  Dense
body,  D; junctional  complex,  J.  X  19,000.
2)  which  comprise  the  brush  border  described
above.  At  the  base  of  the  microvilli  the  surface
membrane  is  deeply  infolded  and  thereby  forms
apical  tubular  invaginations  (Fig.  2).  Apical
tubules  also  are  present,  which  do  not  demon-
strate  direct  continuity  with  the  apical  surface.
Such tubules may appear dense and homogeneous,
or possess  clear lumens with flocculent material  on
the internal  surface  (Fig.  2).  The  lateral  cell  sur-
faces  of adjacent cells  display junctional complexes
near  the  apex  and  occasionally  interdigitations
beneath  these  areas  of contact (Fig.  2).  At the cell
base,  elaborate  surface-membrane  invaginations
occur  (Fig.  2).  These  infoldings  result  in  a  series
of cellular compartments,  which contain numerous
large  mitochondria  (Fig.  2).  The  entire  parietal
Bowman's  capsule,  including  the  columnar  and
squamous  cells,  rests  on  a  prominent  basement
membrane  (Fig. 3).
The cytoplasmic ground substance of the colum-
nar cell has a high degree of density relative to that
of the  squamous  cells  present  in  the same section
(Fig.  3).  Numerous  free  ribosomes,  which  fre-
quently occur  as  polysomal  clusters  (Fig.  2),  con-
tribute  to  this  cytoplasmic  density.  Scattered
throughout the cell are short linear profiles of endo-
plasmic reticulum, with the rough-surfaced  variety
appearing predominant  (Fig. 2).  Near  the cell mid
zone is an irregularly  spherical nucleus  containing
a  moderate-sized  nucleolus  and  heterochromatin
around  the  nuclear  periphery  (Fig.  3).  A  well-
developed Golgi  zone occurs in a paranuclear  posi-
tion,  frequently  lying  at  the  side  of the  nucleus
(Figs.  3,  5).  In addition  to their  occurrence  in  the
438  THE  JOURNAL  OF  CELL  BIOLOGY  - VOLUME 35,  1967FIGURES  4  and 5  A  single  cell.  Columnar  (C)-squamous  (S)  cell  abutment  in  the  parietal  capsule.
These  illustrate  a  second  type  of  intercellular  apposition.  The  columnar  columnar  apposition  (*)
(see  Fig.  4)  forms an  approximate right  angle  with  the basement  membrane  (B).  Microvilli  (mv)  and
a junctional  complex  (J)  (Fig.  4)  occur  at the  cell  apex.  The surface  membrane  at  the  cell  base  lacks,
however,  the  characteristic  deep  infoldings  (arrows).  This surface  (arrows)  instead  becomes  an area  of
columnar-squamous  apposition.  A  thin  layer  of  squamous  cytoplasm  (S)  is  interposed  between  the
columnar cell  (C) and  the basement membrane  (B). Note  again the marked  disparity in density between
the cytoplasmic  ground  substances  of  the  two  cell  types.  Fig.  5  demonstrates  an  electron-transparent
apical  vacuole  (V)  and  the paranuclear  location  of  the  Golgi  zone  (Gol).  Nucleus,  N.  X  19,000.
439FIGUaE  6  Columnar  parietal  capsular  cells  fixed  1 hr following  an intravenous  injection  of  horseradish
peroxidase.  The  frozen  section  has been  incubated  in 3,3'-diaminobenzidine  to identify  protein  absorp-
tion droplets.  An apparently empty  membrane-bounded  apical  vacuole  (V)  resides  in the  cell apex.  Nu-
merous  absorption  droplets  occur throughout  the  apical  two-thirds  of  the cytoplasm  (*).  These  bodies
possess  a round to ovoid  shape, a diameter  of  0.1-0.8  A, a delimiting membrane  (arrow),  and  dense  re-
action  product,  which  has  a  mottled,  glassy  appearance.  Notice  that most  of  the  droplets  are  homo-
geneous,  lack  recognizable  contents,  and  probably share  an identity  with apical  vacuoles.  Occasionally
electron-transparent  areas  (a)  may  appear  within  some  enzyme-positive  absorption  droplets.  It  is felt
that these areas  (a) represent  sectioning artifacts and have no  functional  significance.  Nucleus,  N;  mito-
chondrion,  M. X  19,000.
basal  compartments,  large  mitochondria  are
abundant throughout  the rest of the cell cytoplasm
(Fig. 2).
Two general  types of membrane-limited  cell  in-
clusions  are  visible.  Vacuoles  with  relatively
electron-transparent  contents  reside in  the vicinity
of  the  apical  tubules  (Figs.  5,  6).  These  apical
vacuoles  measure  approximately  0.1-0.6  p  in
diameter.  The  second  type  of  inclusion  is  a  com-
plex group of membrane-limited  dense  bodies, re-
ferred  to  variously  as  cystosomes,  cytosegresomes,
lysosomes, cytolysomes,  etc.  (13).  In the columnar
cells,  these bodies  reside in the  apical two-thirds  of
the cytoplasm,  display moderate  electron-opacity,
and possess heterogeneous  contents.  Such contents
may appear  as  membranes,  as  a granular  matrix,
as pale or dense ovoid  masses,  or as a combination
of these  forms (Fig.  2).  Multivesicular  bodies  and
microbodies  are  infrequent  in  these  cells.
Variation in the Basal Surface Membrane
In  areas  of  abutment  between  columnar  and
squamous capsular  cells,  the lateral  margin of the
columnar cell  usually  presents  an area  of apposi-
tion with the adjacent  flattened  cell,  which  is  ap-
proximately  vertical  to  the  basement  membrane
(Fig.  3).  When  this  type of apposition  occurs,  the
basal  surface  of  the  columnar  cell  possesses  an
elaborate  infolding  of  its  limiting  membrane
(Fig.  3) identical  with that described  earlier  (Fig.
2).  A second  type  of abutment may also  occur be-
tween  columnar  and  squamous  cells  (Figs.  4,  5;
440  THE  JOURNAL  OF  CELL  BIOLOGY  VOLUME  35,  1967a  single  cell).  In  this  type  of  apposition,  the  col-
umnar  cell  assumes  a  triangular  shape,  with  its
columnar-columnar  apposition  forming  an  ap-
proximate  right  angle  with  the  basement  mem-
brane  (Fig.  4). The  apical cell surface  continues  to
display  its  characteristic  microvillous  border
(Figs.  4,  5).  The  basal  surface  membrane  of the
columnar  cell  lacks,  however,  its  characteristic
infolding  into cellular  compartments  (Figs.  4,  5).
This surface instead  becomes an area of columnar-
squamous  apposition  (Fig.  4, 5) with  a  thin sheet
of  squamous  cytoplasm  interposed  between  the
columnar  cell  and  the  basement  membrane.  The
marked  difference  in  density  between  the  cyto-
plasmic  ground  substance  of  the  columnar  and
that of the squamous cells is again readily apparent
(compare  Figs.  4,  5  with  Fig.  3).
Protein (Horseradish Peroxidase) Transport
The  technique  of  Graham  and  Karnovsky
(6,  7) for  the fine-structural  localization  of horse-
radish peroxidase has been utilized to study certain
functional  parameters  of  the  columnar  cells  in
Bowman's  parietal  capsule.  Horseradish  peroxi-
dase,  which is nontoxic to mice  in the dose used,  is
a  protein  of  low  molecular  weight  (40,000),  is
rapidly  excreted  by  the  renal  glomerulus,  and
provides  a  useful  tracer  for  the  evaluation  of
structural  features  of protein  transport  (7).
Horseradish  peroxidase  appears  to  undergo
rapid  transport  into  the  columnar  cell cytoplasm
of the murine parietal Bowman's capsule.  Graham
and Karnovsky report that at 3 min after injection
peroxidase  reaction product occurs between micro-
villi,  within  apical tubular invaginations,  and  in-
side a few small apical vacuoles of such  a columnar
cell  (7),  (Fig.  6).  1 hr following  intravenous  injec-
tion,  dense  peroxidase  reaction  product  occurs  in
several  sizes  of  absorption  droplets  within  the
columnar  cell  cytoplasm  (Figs.  6,  7).  These
peroxidase-positive  droplets  possess  several  char-
acteristics:  (a)  a round  to  irregular  ovoid  shape;
(b)  a  diameter  of 0.1-0.8  /;  (c)  limitation  by  a
single  unit  membrane;  (d)  location  in  the  upper
FIGmRE 7  A  portion  of  columnar  parietal  cell  cytoplasm  fixed  1 hr  after administration  of  horseradish
peroxidase.  Absorption  droplets  (*)  are  recognizable  by  the presence  of  dense  reaction  product  inside
their limiting  membranes. These droplets  (*)  also contain membranes  (arrows)  and ovoid  masses (m)  and
hence  may  represent  dense  bodies,  which  have  incorporated  peroxidase.  X 43,000.
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(e) the  presence  (in variable amounts)  of electron-
opaque  reaction  product,  which  has  a  mottled,
glassy quality (Fig. 6). Most of these droplets have
no other discernible  contents and appear relatively
homogeneous  (Fig.  6).  A  few  peroxidase-positive
droplets,  however,  possess  membranes  and  ovoid
masses  (Fig.  7).  To  date,  peroxidase  absorption
droplets have  not been  seen in  the adjacent squa-
mous capsular cells.
DISCUSSION
Several  conclusions  are  apparent  regarding  the
cytomorphology  and protein uptake  of the colum-
nar  cells  in Bowman's  capsule.  These  cells  occur
as  a normal  component  of the  parietal lamina  of
Bowman's  capsule  in  a large  percentage  of  renal
corpuscles  from sexually mature,  C3H and  Swiss,
male  mice.  Crabtree  reports  a  similar  finding
among  mice  of a  mixed  stock  at  Smith  College
and  from  a  pure  albino  variety  (2).
By light  microscopy  the  columnar  cells  possess
an  apical  brush  border,  apical  vacuoles,  basal
striations,  and  multiple  cytoplasmic  dense  bodies.
These  observations  serve  to  confirm  the  earlier
light microscopic  impressions  (14,  2)  that the high
parietal  capsular  cells  appear  identical  with
proximal  convoluted  tubular  epithelium.  At  a
fine-structural  level, the columnar  cells are charac-
terized by:  (a)  apical microvilli;  (b)  apical  tubules
and  tubular  invaginations;  (c)  an  elaborate  in-
folding  of  the  basal  surface  membrane  forming
cellular  compartments  which  contain  numerous
mitochondria;  and  (d)  a  complex  variety  of
membrane-limited  cellular  inclusions  (apical
vacuoles  and  dense  bodies).  This  appearance
bears  a  striking  resemblance  to  the  electron
microscopic  structure  of the  cells lining the proxi-
mal convoluted tubule  (13).
The columnar cells of Bowman's capsule  rapidly
absorb  in  vivo  horseradish  peroxidase.  1 hr  after
injection,  peroxidase-positive  absorption  droplets
are prevalent  in  the apical  two-thirds of the cyto-
plasm.  The  size,  shape,  location,  and  homogene-
ous  contents  of  most  of  these  droplets,  coupled
with their delimitation by a single unit membrane,
strongly  suggest  an  identity with  the apical vacu-
oles  described  earlier  (Figs.  5,  6).  A  few  absorp-
tion  droplets  have  recognizable  contents  (Fig.  7)
and  may represent  dense  bodies,  which have  also
incorporated  peroxidase.  Graham  and Karnovsky
(6) report similar observations  and interpretations
in  their study  of the uptake  of horseradish  peroxi-
dase by  the  proximal  convoluted  tubule.
It  seems  probable  from this  study that  the  col-
umnar  cells  occurring  in  the  parietal  layer  of
Bowman's  capsule  are both  morphologically  and,
from  the  standpoint  of  peroxidase  transport,
functionally  identical  with  the  cells of  the  proxi-
mal  convoluted  tubule.  The  basis  for  the  testos-
terone-sensitivity  of  these  columnar  capsular
cells,  which  is  not  shared  (so  far  as  is  known)
by  cells  of the  proximal  convoluted  tubule,  is  not
clear  (2,  3).  This  phenomenon  may  indicate  a
difference  in  the cellular  capacity  for  differentia-
tion  and  dedifferentiation  between  otherwise
apparently  identical  columnar  cells.  In  this
situation  squamous  cells  in  the  parietal  capsule,
under the  stimulation of testosterone,  are  capable
of differentiation into proximal convoluted tubular
cells  (2).  These  same  cells,  following  castration,
dedifferentiate  into  squamous  cells.  The  cells
within  the  proximal  convoluted  tubule  remain
unaffected.  Another  possibility  is  that,  under  the
influence of testosterone,  cells present in  the proxi-
mal convoluted  tubule migrate along the basement
membrane  into  a  position  where  they  occupy
part of Bowman's  parietal  capsule  (2).  Although
only  speculative,  some  preliminary  evidence
from  this  study  favoring  the  former  explanation
is  visible  in  Figs.  8  and  9.  The  minimal  density
of the cytoplasmic ground  substance  and  the  pau-
city of  cell  organelles,  which characterize  most of
the squamous  cells present  in the parietal capsule,
are  evident  in  Fig.  8.  Such  cells  are  found  in  at
least a  portion  of every parietal  capsule  that  con-
tains  columnar  cells  (Fig.  3).  A  second  type  of
squamous  cell  also  occurs  in  the  parietal  lamina
of  many  capsules  with  columnar  cells  (Fig.  9).
This  cell,  although  evidently  flattened,  has
dense  cytoplasmic  ground  substance,  numerous
ribosomes,  rough  endoplasmic  reticulum,  and  a
prominent  Golgi  zone  (Fig.  9).  Thus  it  appears
that  in  addition  to  having  highly  differentiated
columnar  cells  and  unspecialized  squamous  cells,
the  parietal  capsule  of  mice  also  contains  cells
which  are  intermediate  between  these  two  ex-
tremes.  These  cells  are  flattened  in  shape,  yet
possess  a  complex  cytoplasmic  organization  re-
sembling  that  of  the  columnar  epithelium  (Fig.
2).  Such  a situation  suggests  that squamous  cells
may be capable of differentiating in situ into highly
specialized columnar  cells.
At  the  present  time,  studies  are  in  progress
442  THE  JOURNAL  OF  CELL  BIOLOGY  VOLUME  35,  1967FIGURE  8  Squamous cells  located  in  a parietal  capsule  that  contains columnar  cells  beyond  the limits
of  the figure.  The  cells  possess  minimal  density  of  the cytoplasmic  ground  substance  (arrows)  and  a
paucity  of organelles.  Such cells are  a regular  occurrence  in renal  corpuscles  with a high parietal  capsule
(compare  with  Fig.  3).  Squamous  parietal  capsular  cells  also  possess  pinocytic  vesicles  (pv)  and  junc-
tional  complexes  (J)  reminiscent  of  another  squamous  cellular  lining,  i.e.,  the  ascular  endothelium.
Nucleus,  N;  mitochondrion,  M;  rare  ribosomes,  R;  capillary,  Cap.  X  19,000.
FIGURE  9  A  second  type  of  squamous  cell  found  in  many  parietal  capsules  having  a  columnar  epi-
thelium.  This  cell,  although  flattened  like  the  cells  in  Fig.  8,  displays  the  dense  cytoplasmic  ground
substance,  numerous  ribosomes  (R),  rough  endoplasmic  reticulum  (RER),  and  prominent  Golgi  zone
(Gol), which  characterize  columnar  cells  (compare  with  Fig.  2).  The  occurrence  of an  intermediate  cell
type  in the  parietal  capsule  is suggestive  of  squamous  cells  undergoing  differentiation  into  the  highly
specialized  columnar  epithelium.  X  19,000.employing  exogenous testosterone  in  neuter males
to  attempt  cytological  documentation  of  such
differentiation.  Cellular  modifications  in  structure
at  varying  time  intervals  following  castration
also  are  being  investigated.  It  is  interesting  to
speculate  that  the  columnar  cells  in  Bowman's
parietal  capsule  may in reality represent  proximal
convoluted  tubular  cells  which  have  retained  an
earlier  embryonic  capacity  for  hormonally  con-
trolled  differentiation.  If  this  is  true,  a  detailed
study  of these  cells  may  provide  further  informa-
tion  regarding  the  normal  development  of  the
fetal nephron.
This  investigation  has  been  supported  by  United
States  Public  Health  Service  grant  HD-02494.  The
substance  of  this  study  has  appeared  in  abstract
form  (4).
Received  for publication  5  June  1967;  revision  accepted
24 July 1967.
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